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1. INTRODUCTION {#rth212083-sec-0008}
===============

Patients undergoing dialysis are at increased risk for developing atrial fibrillation or venous thromboembolism (VTE) compared with patients with normal renal function.[1](#rth212083-bib-0001){ref-type="ref"}, [2](#rth212083-bib-0002){ref-type="ref"}, [3](#rth212083-bib-0003){ref-type="ref"}, [4](#rth212083-bib-0004){ref-type="ref"}, [5](#rth212083-bib-0005){ref-type="ref"}, [6](#rth212083-bib-0006){ref-type="ref"} These medical indications pose the need for oral anticoagulation in this population, and for many years warfarin has been the only oral anticoagulation option for end stage renal disease (ESRD) patients.

Warfarin has been shown to have a narrow therapeutic window in the ESRD population.[7](#rth212083-bib-0007){ref-type="ref"} The described bleeding rates for warfarin use in hemodialysis patients range from 0.10 to 0.54 events/person‐year.[8](#rth212083-bib-0008){ref-type="ref"} In a recent meta‐analysis assessing warfarin use in patients with atrial fibrillation and chronic kidney disease (CKD), warfarin increased the risk of major bleeding in patients with ESRD on renal replacement therapy without decreasing risk of stroke or mortality.[9](#rth212083-bib-0009){ref-type="ref"} Available retrospective cohort data using warfarin for atrial fibrillation in patients with ESRD on hemodialysis suggests controversy in whether clinical benefits outweigh the bleeding risk.[4](#rth212083-bib-0004){ref-type="ref"}, [5](#rth212083-bib-0005){ref-type="ref"}, [6](#rth212083-bib-0006){ref-type="ref"}, [10](#rth212083-bib-0010){ref-type="ref"}, [11](#rth212083-bib-0011){ref-type="ref"}, [12](#rth212083-bib-0012){ref-type="ref"}, [13](#rth212083-bib-0013){ref-type="ref"}, [14](#rth212083-bib-0014){ref-type="ref"} Warfarin is also associated with increased vascular calcification in ESRD patients on dialysis leading to increased cardiovascular events, strokes, and mortality.[15](#rth212083-bib-0015){ref-type="ref"}, [16](#rth212083-bib-0016){ref-type="ref"}, [17](#rth212083-bib-0017){ref-type="ref"}

A number of additional factors may complicate anticoagulant use in those with ESRD on hemodialysis. In addition to their known uremic platelet dysfunction, many patients have cardiovascular risk factors or indications for antiplatelet medications, both of which may increase their risk for bleeding with anticoagulation therapy.[18](#rth212083-bib-0018){ref-type="ref"}, [19](#rth212083-bib-0019){ref-type="ref"} International Normalized Ratio (INR) results may be fluctuant and unpredictable in ESRD on hemodialysis and time in therapeutic range is poor.[20](#rth212083-bib-0020){ref-type="ref"}, [21](#rth212083-bib-0021){ref-type="ref"} The aforementioned dilemmas underscore a need for additional anticoagulation options in ESRD patients on hemodialysis.

Apixaban is an oral direct factor Xa inhibitor approved in the United States for use in patients with non‐valvular atrial fibrillation (NVAF), VTE treatment or secondary/extended prophylaxis, or deep vein thrombosis (DVT) prophylaxis post total hip/total knee arthroplasty.[22](#rth212083-bib-0022){ref-type="ref"} While prospective studies demonstrated favorable safety and efficacy with apixaban compared with warfarin, they excluded dialysis patients.[23](#rth212083-bib-0023){ref-type="ref"}, [24](#rth212083-bib-0024){ref-type="ref"}, [25](#rth212083-bib-0025){ref-type="ref"}, [26](#rth212083-bib-0026){ref-type="ref"} Apixaban has a 27% renal excretion of the parent compound.[22](#rth212083-bib-0022){ref-type="ref"} Wang et al. administered a single dose of apixaban 5 mg to healthy patients and two doses of apixaban 5 mg to hemodialysis patients. Relative to non‐ESRD subjects, the authors found that ESRD patients experienced a 36% increase in apixaban area under the curve (AUC), no increase in maximum concentration levels and a negligible decrease in apixaban removal after a 4‐hour hemodialysis session.[27](#rth212083-bib-0027){ref-type="ref"} Based off of these results in ESRD, the FDA recommended dose adjustment for patients with atrial fibrillation with age \>80 years or weight \<60 kg as previously described in apixaban trials.[22](#rth212083-bib-0022){ref-type="ref"}

Recent pharmacokinetic and retrospective study data describe further experience with apixaban use in ESRD patients on dialysis. A pharmacokinetic steady state dosing study demonstrated that apixaban 2.5 mg twice daily dosing in hemodialysis patients resulted in drug exposure comparable to apixaban 5 mg twice daily dosing in patients with preserved renal function; in contrast, apixaban 5 mg twice daily dosing in hemodialysis patients led to supra‐therapeutic drug exposure and trough levels.[28](#rth212083-bib-0028){ref-type="ref"} In a retrospective, matched‐cohort study in patients with severe renal disease, Stanton et al. found no statistically significant difference in the major or overall bleeding event rate of patients taking apixaban vs warfarin, including the subgroup of patients on dialysis.[29](#rth212083-bib-0029){ref-type="ref"} In addition, continuation of apixaban after inpatient admission, the daily dose of apixaban, and the number of hemodialysis sessions have been associated with an increased risk of bleeding.[30](#rth212083-bib-0030){ref-type="ref"}

The University of Virginia Medical Center\'s Hematology Consult service has recommended apixaban use in some of its dialysis patients. The purpose of this study was to compare bleeding events between maintenance dialysis patients at our institution on apixaban vs warfarin.

2. METHODS {#rth212083-sec-0009}
==========

We performed a retrospective single institution review of clinical outcomes with the use of apixaban compared with warfarin in ESRD patients maintained on dialysis at a large academic hospital. The Institutional Review Board for Health Sciences Research (IRB‐HS) approved this study. Given the retrospective nature of the study, consent was waived. Data was collected from electronic medical records including inpatient admission notes, discharge summaries and outpatient documentation. Patients older than 18 years of age with ESRD requiring peritoneal or hemodialysis that received either at least two doses of apixaban or 5 days of warfarin for anticoagulation between January 1, 2014 and October 31, 2016 were included in the study. Patients with any indication for anticoagulation---including stroke prophylaxis in NVAF, VTE treatment, or VTE prophylaxis were included. Continuous renal replacement and acute kidney injury (AKI) patients were excluded. Further exclusions included lack of follow‐up documentation and switching anticoagulation during analysis period. Figure [1](#rth212083-fig-0001){ref-type="fig"} shows further exclusion criteria and a schematic for analysis. Follow‐up time was 10 months for both groups. The primary outcome was overall bleeding event rate, which we defined as experiencing at least one bleeding event after at least two doses of starting apixaban and at least one bleeding event after 5 days of starting warfarin. We based censoring time off of the known pharmacokinetics of warfarin and apixaban. Secondary outcomes were major bleeding events, clinically relevant non‐major bleeding events, minor bleeding, recurrent VTE in patients treated for DVT or pulmonary embolism, and ischemic stroke in patients with NVAF.

![Analysis and inclusion schematic. Total of 375 charts reviewed with 74 patients ultimately analyzed in the apixaban group and 50 patients in the warfarin group. The most common reasons for exclusion were: not having end stage renal disease (ESRD) diagnosis, or not receiving dialysis during course of anticoagulation treatment](RTH2-2-291-g001){#rth212083-fig-0001}

Major bleeding was defined using International Society of Thrombosis and Haemostasis (ISTH) criteria as clinically overt bleeding accompanied by at least one of the following: bleed leading to fatal outcome, a decrease in hemoglobin level of at least 2 g/dL, transfusion of at least two units of packed red blood cells, or involvement of a critical site (intracranial, spinal, ocular, pericardial, articular, retroperitoneal or intramuscular with compartment syndrome).[31](#rth212083-bib-0031){ref-type="ref"} Clinically relevant non‐major bleeding events were classified as clinically overt bleeding that did not satisfy the criteria for major bleeding and led to hospital admission for bleeding, physician‐guided medical or surgical treatment for bleeding, or a change in antithrombotic therapy due to bleeding. All other bleeding events were classified as minor. Ischemic stroke in the NVAF population was defined as a new neurologic deficit and corresponding imaging confirmation; rates of recurrent VTE were defined as new imaging confirmation during anticoagulation treatment in patients with VTE. In addition, we calculated HAS‐BLED scores for patients who were on warfarin or apixaban for NVAF to describe the risk of bleeding demonstrated in previous studies.[32](#rth212083-bib-0032){ref-type="ref"}

2.1. Statistical analysis {#rth212083-sec-0010}
-------------------------

We made unadjusted comparisons of apixaban and warfarin patients using student\'s *t*, chi‐square and Fisher\'s exact tests. We made adjusted comparisons of the likelihood of experiencing a bleeding event using a multivariable logistic model that included the following patient risk factors: anticoagulant, sex, race, age at start of anticoagulation, weight at start of anticoagulation, indication, type of concurrent anti‐platelet, and a history of alcohol use, cardiovascular disease, bleeding or stroke. We performed all analyses using SAS version 9.4 (SAS Institute Inc., Cary, NC).

3. RESULTS {#rth212083-sec-0011}
==========

A total of 375 patients met the inclusion criteria for this review. Of the 153 patients in the apixaban group, 74 were ultimately included; of the 222 warfarin patients, 50 were ultimately included (Figure [1](#rth212083-fig-0001){ref-type="fig"}). Demographic and clinical baseline characteristics were similar between the groups (Table [1](#rth212083-tbl-0001){ref-type="table"}).

###### 

Baseline demographic and clinical characteristics of the study patients

  Characteristic               Apixaban (n = 74)   Warfarin (n = 50)   *P‐*value
  ---------------------------- ------------------- ------------------- -----------
  Age (years)                  59.5 ± 14.7         62.0 ± 14.4         .36
  Weight (kg)                  86.1 ± 27.0         79.0 ± 20.5         .11
  BMI (kg/m^2^)                27.9 ± 6.5          29.2 ± 10.1         .38
  African American             34 (45.9%)          23 (46%)            .99
  Female                       36 (48.6%)          19 (38%)            .24
  HASBLED score                3.2 ± 1.4           3.4 ± 1.4           .70
  CHAjDSj‐VASc score           4.1 ± 1.2           4.0 ± 1.4           .69
  Months on anticoagulation    7.9 ± 7.3           10.8 ± 9.3          .06
  Prior stroke                 4 (5.4%)            3 (6%)              .71
  Liver Disease                20 (27%)            8 (16%)             .15
  Anticoagulation indication                                           
  Atrial fibrillation          29 (39.2%)          29 (58%)            .04
  VTE treatment/VTE PPX        45 (60.8%)          21 (42%)            
  Antiplatelet                                                         
  Aspirin                      21 (28.4%)          18 (36%)            .06
  DAPT                         4 (5.4%)            8 (16%)             
  None                         49 (66.2%)          24 (48%)            

Comparisons were made via *t* test for age, weight, HASBLED score (Hypertension, Renal disease, Liver disease, Stroke history, Prior major bleeding, Labile INR, Age \>65, Medication usage predisposing to bleeding, Alcohol use), CHA2DS2‐VASc score (Congestive heart failure, Hypertension, Age, Diabetes, Stroke/TIA/thromboembolism, Vascular disease, Sex), and months on anticoagulation therapy. Given the paucity of events, comparisons were made via Fisher\'s exact test for prior stroke. All other comparisons were made via chi‐square test. Values displayed are mean ± SD or (%) when appropriate.

VTE, venous thromboembolism; PPX, prophylaxis; DAPT, Dual antiplatelet therapy.

John Wiley & Sons, Ltd

The sample patients experienced a total of 35 bleeding events during the analysis time period. Of these, 15 events were classified as major. During the analysis period, there were also eight recurrent VTE events (Table [2](#rth212083-tbl-0002){ref-type="table"}).

###### 

Incidence proportion of selected outcomes, by type of anticoagulation

  Characteristic                                                             Apixaban     Warfarin    *P*‐value
  -------------------------------------------------------------------------- ------------ ----------- -----------
  Bleeding event                                                                                      
  Any                                                                        14 (18.9%)   21 (42%)    .01
  Major (among all patients)                                                 4 (5.4%)     11 (22%)    .01
  Recurrent venous thromboembolism[a](#rth212083-note-0004){ref-type="fn"}   2 (4.4%)     6 (28.6%)   .99

Numbers are presented with (%). Comparisons were made via chi‐square test for the bleeding event outcomes. Given the paucity of events, comparisons were made via Fisher\'s exact test for recurring VTE.

Among patients with a VTE or VTE prophylaxis indication; patients with an indication of atrial fibrillation are excluded.

John Wiley & Sons, Ltd

The warfarin group experienced more bleeding events than the apixaban group (42% and 18.9%, respectively; *P *=* *.01), with a lower prevalence of major bleeding in the apixaban group (5.4% vs 22% in the warfarin group; *P *=* *.01). The overall bleeding event rate in the apixaban and warfarin groups was 0.31 and 0.47 events per person year, respectively, with a lower rate of major bleeding events per person‐year in the apixaban group (0.07 vs 0.24). We also conducted adjusted analyses looking at the likelihood of experiencing a bleeding event. Using multivariable logistic regression adjusting for several demographic and clinical factors, we found that apixaban patients were significantly less likely to experience a bleeding event in the study period than were warfarin patients (OR = 0.15; 95% CI = 0.05‐0.46; *P *=* *.001). Results are shown in Table [3](#rth212083-tbl-0003){ref-type="table"}. As expected, patients who reported experiencing a bleed prior to the study were significantly more likely to experience a bleed during the study (OR = 4.78; 95% CI = 1.50‐15.21; *P *=* *.01). However, we were surprised to find that African‐American patients were less likely than their white counterparts to have a bleeding event (OR = 0.31; 95% CI = 0.1‐0.9; *P *=* *.03). No other factors were found to be significant predictors of a bleeding event.

###### 

Adjusted odds of experiencing a bleeding event

  Covariate                   Adjusted odds ratio   95% CI           *P*‐value
  --------------------------- --------------------- ---------------- -----------
  Anticoagulation                                                    
  Warfarin (ref)                                                     
  ** Apixaban**               **0.15**              **0.05‐0.46**    **.001**
  Sex                                                                
  Male (ref)                                                         
  Female                      1.63                  0.58‐4.56        .35
  Age (y)                                                            
  \<50 (ref)                                                         
  50 to \<70                  1.40                  0.37‐5.34        .62
  70+                         3.73                  0.89‐15.69       .07
  Race                                                               
  White (ref)                                                        
  ** African American**       **0.31**              **0.10‐0.90**    **.03**
  Weight (kg)                                                        
  ** \<60** (ref)                                                    
  60 to \<120                 1.85                  0.38‐8.91        .44
  120+                        8.62                  0.81‐91.40       .07
  Comorbidity history                                                
  Alcohol                     0.87                  0.15‐5.21        .88
  CVD                         2.04                  0.63‐6.59        .23
  ** Bleeding event**         **4.78**              **1.50‐15.21**   **.01**
  Stroke                      0.99                  0.15‐6.57        .99
  Indication                                                         
  Atrial fibrillation (ref)                                          
  VTE                         1.71                  0.56‐5.21        .34
  VTEPPX                      3.05                  0.44‐21.05       .26
  Concurrent antiplatelet                                            
  No (ref)                                                           
  Aspirin                     1.13                  0.39‐3.30        .82
  DAPT                        0.99                  0.19‐5.11        .99

Numbers displayed are odds ratios with their corresponding 95% confidence intervals. These values are from a logistic model predicting the probability of a patient experiencing a bleeding event.

VTE, venous thromboembolism; PPX, prophylaxis; DAPT, Dual antiplatelet therapy.

Bold rows signify characteristics that were found to be statistically significant.

John Wiley & Sons, Ltd

3.1. Apixaban group {#rth212083-sec-0012}
-------------------

In the apixaban group, most patients (46%; n = 34) required anticoagulation for the treatment of VTE, whereas 39.2% (n = 29) and 14.9% (n = 11) of patients required anticoagulation for NVAF and prophylaxis of VTE, respectively. Most patients were on therapeutic dosing of apixaban 5 mg every 12 hours (79.7%; n = 59). The remaining patients were on 2.5 mg twice daily (20.3%; n = 15) and met the criteria for either dose reduction (n = 4) or lifelong prophylactic anticoagulation dosing (n = 11). For patients receiving acute treatment of DVT, only three patients received the apixaban loading dose of 10 mg twice daily for 7 days prior to the maintenance dose, 5 mg every 12 hours. The average time patients were on anticoagulation in the study period was 7.9 months. There were 25 patients (33.8%) on concurrent antiplatelet medications, including 21 patients on aspirin and four patients on dual antiplatelet therapy (DAPT) with clopidogrel and aspirin. Most of the patients had been on warfarin prior to initiation of apixaban (n = 40; 54%), and one patient was on rivaroxaban prior to diagnosis of ESRD.

There were 14 bleeding events recorded in patients anticoagulated with apixaban (Table [4](#rth212083-tbl-0004){ref-type="table"}), with four being major, seven being clinically relevant non‐major and three events classified as minor. The average HAS‐BLED score was 3.2. The average time to bleed in the patients who were on apixaban was 5.98 months. One patient had two major upper gastrointestinal (GI) bleeds, with each event occurring approximately 3 days after being initiated on apixaban after two separate occasions. The two other major bleeds were both secondary to a GI origin. None of the major bleeding events directly resulted in a patient death; however, after each case of major bleeding, the patients were discontinued from apixaban therapy. Other bleeding events are shown in Table [4](#rth212083-tbl-0004){ref-type="table"}. Interestingly, only three of these bleeding events occurred with patients taking 2.5 mg dose of apixaban and were all clinically relevant non‐major bleeding events. In all minor bleeding events, patients were continued on apixaban.

###### 

Bleeding events on anticoagulation

  Bleeding event               Apixaban (n = 14)   Warfarin (n = 21)
  ---------------------------- ------------------- -------------------
  Gl etiology                  9 (64.3%)           10 (47.6%)
  Retroperitoneal hemorrhage   0                   2 (9.5%)
  Hemoptysis                   1 (7.1%)            0
  Hematoma                     3 (21.4%)           4 (19%)
  Subarachnoid hemorrhage      0                   1 (4.7%)
  Hemopericardium              0                   2 (9.5%)
  Hemothorax                   0                   1 (4.7%)
  Hematuria                    1 (7.1%)            1 (4.7%)

Bleeding events that occurred during the study period. Values are the number of events with (%) as appropriate.

John Wiley & Sons, Ltd

3.2. Warfarin group {#rth212083-sec-0013}
-------------------

The indication for anticoagulation for the patients in the warfarin group comprised NVAF (58%; n = 29), treatment of VTE (36%; n = 18) and prophylaxis of VTE (6%; n = 3). The average amount of time patients were on warfarin during the study period was 10.8 months. Only one patient was on peritoneal dialysis. Most patients (52%; n = 26) were on concurrent antiplatelet medications, with 18 patients on aspirin and 8 patients on DAPT with clopidogrel and aspirin.

There were 21 patients who had a bleeding event while on warfarin. The average time to bleed in patients on warfarin was 7.2 months. Of those events, 11 patients (22%) had major bleeds, nine patients (18%) had clinically relevant non‐major bleeds and one patient (2%) had a minor bleed. Major bleeds included GI origin, hemopericardium, hemothorax, retroperitoneal bleeds, and a subarachnoid hemorrhage. Other types of bleeding events in the patients taking warfarin described in Table [4](#rth212083-tbl-0004){ref-type="table"}. The average HAS‐BLED score for patients on warfarin was 3.4. There was no difference in average INR at time of bleed between the major bleeding group (average INR = 3.85) and the minor bleeding group (average INR = 3.78).

3.3. Recurrent VTE/stroke {#rth212083-sec-0014}
-------------------------

Given that maintenance dialysis patients are at increased risk for recurrent vascular complications, we also analyzed the rate of recurrent VTE in each group. Patients taking apixaban had a lower VTE recurrence than warfarin patients (4.4% vs 28.6%, respectively). No patients in either the apixaban group or the warfarin group suffered from an ischemic stroke. One patient in the warfarin group had a suspected transient ischemic attack (TIA); however, the patient did not demonstrate any evidence of stroke on imaging.

4. DISCUSSION {#rth212083-sec-0015}
=============

While there is no current consensus on the safety for apixaban use in ESRD patients, our study suggests that in maintenance dialysis patients, apixaban may be associated with a lower bleeding rate than warfarin. Given the high prevalence of atrial fibrillation and VTE in the ESRD population, it is important to find anticoagulation options that have a low risk of bleeding with favorable efficacy. To the authors' knowledge, our study is the first retrospective cohort study to find a statistically significant lower bleeding event rate in patients with ESRD on apixaban vs warfarin.

The primary outcome of overall bleeding rate was significantly less frequent in patients on apixaban compared with patients on warfarin. The warfarin bleeding event rate of 0.47 events per person‐year was within the range published in a systematic review of warfarin anticoagulation in hemodialysis patients.[8](#rth212083-bib-0008){ref-type="ref"} The apixaban bleeding event rate was 0.30 events per person‐year with no established range in the literature but similar to rate Stanton et al. described with 0.26 event/1000 patient‐days. There was no evidence of thrombocytopenia at time of bleed in either group, with average platelet counts of 200 and 228 × 10^9^/L for apixaban and warfarin, respectively.

Of the 26 patients on concurrent warfarin and antiplatelet therapy, 12 patients (41.4%) had a bleeding event prior to warfarin therapy. Of the patients on concurrent apixaban and antiplatelet therapy, 8 patients (32%) had a prior bleeding event. This suggests a higher baseline risk of bleeding in patients starting warfarin. The average HAS‐BLED score for patients on concurrent warfarin and antiplatelet therapy was 4.0 and 3.1 for those who bled and did not bleed respectively. This observation was also seen in patients on apixaban and concurrent antiplatelet therapy with an average HAS‐BLED score of 5.0 for patients who had a bleeding event and 3.25 for those who did not. Interestingly, of the patients who had a bleeding event, 11 and five were on warfarin or apixaban, respectively, with concurrent antiplatelet use.

We found no different levels of risk of recurrent stroke between the apixaban and warfarin groups. The mean CHA~2~DS~2~‐VASc was 4.1 and 4.0 for apixaban and warfarin, respectively. There was one TIA event in the warfarin group; however, no evidence of stroke was seen on imaging at the time of presentation. Also, we observed a lower risk of recurrent episodes of VTE while on anticoagulation with apixaban compared with warfarin. This is consistent with evidence from the AMPLIFY and AMPLIFY‐EXT trials.[23](#rth212083-bib-0023){ref-type="ref"}, [24](#rth212083-bib-0024){ref-type="ref"}

Our study provides a depiction of safe use of apixaban treatment in a cohort of ESRD patients on maintenance dialysis, which we hope will expand the anticoagulation armamentarium for a population of patients in whom the safety of warfarin is in question. Available retrospective data using warfarin for atrial fibrillation in ESRD on hemodialysis patients evoke debate over whether clinical benefits outweigh the bleeding risk.[4](#rth212083-bib-0004){ref-type="ref"}, [5](#rth212083-bib-0005){ref-type="ref"}, [6](#rth212083-bib-0006){ref-type="ref"}, [7](#rth212083-bib-0007){ref-type="ref"}, [11](#rth212083-bib-0011){ref-type="ref"}, [13](#rth212083-bib-0013){ref-type="ref"}, [33](#rth212083-bib-0033){ref-type="ref"} Assessment is difficult due to heterogeneity in these trials, which differ in design, definitions of endpoints, and measurements of clinical efficacy or laboratory monitoring. Published trials question the benefit of warfarin use as there is disparity in the results characterizing stroke risk; some studies find no difference in stroke risk when warfarin is used,[5](#rth212083-bib-0005){ref-type="ref"}, [6](#rth212083-bib-0006){ref-type="ref"}, [10](#rth212083-bib-0010){ref-type="ref"}, [11](#rth212083-bib-0011){ref-type="ref"}, [12](#rth212083-bib-0012){ref-type="ref"} whereas others associate warfarin with increased stroke risk[13](#rth212083-bib-0013){ref-type="ref"}, [14](#rth212083-bib-0014){ref-type="ref"} and two studies found that warfarin use decreased stroke risk.[33](#rth212083-bib-0033){ref-type="ref"}, [34](#rth212083-bib-0034){ref-type="ref"}

Our findings are similar to those reported by Stanton et al. in regard to decreased bleeding events in patients on apixaban with severe renal impairment; however, they analyzed patients with acute kidney injury (AKI), CKD and ESRD, while our study analyzed only patients with ESRD on dialysis.[29](#rth212083-bib-0029){ref-type="ref"} Most patients in their trial were on the reduced dose of apixaban at 2.5 mg every 12 hours and therefore may have been at a lower risk of bleeding. The question regarding safe dosing of apixaban in ESRD patients on dialysis has been asked in response to Stanton et al. analysis.[35](#rth212083-bib-0035){ref-type="ref"} The majority of patients on apixaban in our analysis were taking the recommended dose of 5 mg every 12 hours. In the Stanton et al. study, patients were cohort matched; there was no multivariable analysis of the bleeding events to assess for the contribution of other potential confounding variables.

In contrast to the above, a recent retrospective analysis of factors associated with apixaban related bleeding events in ESRD patients on hemodialysis, describe increased risk of bleeding with increased exposure to apixaban.[30](#rth212083-bib-0030){ref-type="ref"} This retrospective analysis did not include a warfarin comparator group. Many variables place patients with ESRD on dialysis at increased risk of bleeding; therefore, a warfarin comparator group assists in assessing the safety of apixaban use in these patients.

Our study has several limitations. First, it is a retrospective observational study on therapeutic effects, and therefore the results are likely to be confounded by factors that are not in the authors' control, which introduces significant bias. As a retrospective review, the data collected are dependent on accurate documentation in the medical record and clinical interpretation. This can introduce misclassification, recall, and selection bias. We attempted to control for some of the confounding variables by performing a multivariable analysis. Bleeding events may not have been captured if patients did not present to our hospital. There may be factors that were not investigated that may have predisposed patients to bleeding events. Anticoagulation decisions were provider dependent and not standardized predisposing the study to some degree of sample bias. HAS‐BLED scores have not been validated in the direct oral anticoagulant population and efficacy to predict bleeding events in patients on apixaban is unknown. The study did not assess INR management or TTR for warfarin patients as it was a retrospective analysis of patients followed by electronic medical record in both inpatient and occasionally outpatient setting using different services for INR monitoring and therefore would not have been accurate. As discussed above, the larger number of warfarin patients compared with apixaban patients on concurrent antiplatelet agents may have confounded the bleeding rate in the warfarin group. Finally, the sample size is small and has low power to detect a meaningful difference. Therefore, caution is needed to interpret the external validity of the study. Our study did not have enough patients to analyze statistical significance of bleeding events on 2.5 mg every 12 hours dose of apixaban and therefore we cannot comment on the impact of dosing in this patient population. Ultimately, prospective randomized studies are needed to ensure safety and efficacy of apixaban use in the ESRD population.

In conclusion, our study suggests apixaban may be a safe and effective anticoagulation option in patients with ESRD on dialysis.
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